Variant angina of Prinzmetal has been generally presumed to be caused by a significant focal obstruction in a single major coronary artery which should be an ideal lesion for aortocoronary saphenous vein November 12, 1972. 476 ology of the variant angina in the light of our findings.
RECENT reportsl-3 seem to suggest that the presence of variant angina of Prinzmetal4' 5 indicates a severe focal obstruction of a major coronary artery. If this assumption proves to be correct, it has important therapeutic implications, as the clinical syndrome may thus be relied upon to identify a surgically bypassable coronary arterial lesion. Of five patients with variant angina studied in our cardiac catheterization laboratories, however, only one was shown to have significant focal obstructive coronary artery disease on coronary arteriogram. The other four, rather to our surprise, had no demonstrable coronary artery disease. It is the purpose of this communication to present these four patients with variant angina and normal coronary arteriograms, to describe some of the clinical observations, and to discuss the pathophysi-ology of the variant angina in the light of our findings.
Case Reports Case 1
Patient O.T., a 60-year-old white man, complained of substernal pain and cold sweats every morning for 2 weeks duration. It was not related to exertion and always relieved by nitroglycerin. On the day of admission he was awakened early in the morning by severe substernal pain which radiated to the left shoulder, and fainted briefly 2 hours later. Past health was good except for mild hypertension discovered over 1 year ago.
Physical examination revealed a blood pressure of 140/80 mm Hg and a pulse of 82. The first heart sound was accentuated, preceded by an atrial gallop, and followed by a faint early systolic murmur. His electrocardiogram showed slight depression of the S-T segment in leads I, II, III, aVF, and V6.
The substernal pain awoke the patient the next morning and the ECG at this time showed marked S-T elevations in leads I, aVL, and V1-V5, and reciprocal S-T depressions in leads II, III, and aVF ( fig. 1) . Coincident with the pain the patient developed a loud early systolic ejection murmur and the atrial gallop became elongated ( fig. 2) . The pain decreased in intensity 60 sec later and was almost gone 90 sec later; also, the apical systolic murmur practically vanished ( fig. 2) Fig (fig. 7, top) .
Circulation, Volueme XLVII, Marcb 1973 Followinig stiblingtial nitroglycerin administration the pain subsided and the S-T segments and left ventriculai enid-diastolic pressuire retuirned to normal levels ( fig. 7,  bottomr) . Selective coronary arteriography performed 10 occasional attacks of severe chest pain at rest several times yeadly, he is able to accomplish heavy physical labor withouit discomfort.
Case 4 Patient T.J., a 43-year-old Negro man, was knoxvn to be lhypertelnsive for 10 years. Anterior chest pain was first noticed 6 months ago and appeared usually at rest. Wlhen examined during these painful attacks, an atrial gallop and an early-to-midsystollc ejection murmur were heard. On several occasions during hospitalization, S-T segmenits became elevated on the cardiac monitor durinig these painfuil attacks and returined to isoelectric He had normal oxygen-hemoglobin dissociation curves over a full range of partial oxygen pressures and i(ormal hemoglobin electrophoretic patterns. Discussion Sinice Heberden's classic description of aniginia pectoris over 200 years ago, the hallmark of its diagnosis has always been that the discomfort is typically related to exertion, atnd classical anginia has long been known to be associated with S-T depression on electrocardiogram.7 Yet, as early as After Sublingual Isordil been recorded oily during painiful attacks, because of the frequent occurrence of episodes of typical ECG alterations unaccompanied by pain, the severity of the anigina could be underestimated.10 Papillary muscle dysfunction, a common accompaniment of coronary artery disease," was nioted in two of the four patients durinig the attack. Exercise, which produces either no change in the S-T segment or S-T depression in variant angina, induced S-T elevation in one of our patients. In another patient atrial pacing resulted in S-T elevation. Although coronary artery spasm was postulated by Prinzmetal, it was actually demonistrated in two of our four patients.
Spasm of a major coroniary artery has been postulated from time to time as a mechanism whereby anigina and sudden death might result without atherosclerotic coronary disease being demonstrable either by coronary arteriography or at autopsy. Sphincterlike muscles have been described at the orifice of the right coronary artery.'2 Their contraction could markedly compromise blood flow to widespread areas of myocardium supplied by this vessel, leading to S-T-segment elevationls anid acute heart block. Spasm of the left coronary artery, if severe and sustained, has also beeni reported to lead to acute myocardial inifarction.'"1 Evidence of spasm of the right coronary artery was adduced arteriographically in txvo of our four patients durinig the attack of pain and S-T elevation, and deduced in a third patienit in whom the presence of a cardiac catheter wedged in the pulmonary vein apparently precipitated angina and S-T-segment elevation in the area supplied by the right coronary artery. 
